Abstract. In order to examine the effect on body composition of anticancer drug treatments, the body composition rate in patients being treated with gemcitabine (GEM)-based chemotherapy was measured over time on an outpatient basis with a simple body composition monitor using the bioelectrical impedance (BI) method. The results revealed a significant reduction in the body fat rate (P=0.01) over the course of treatment in patients with pancreatobiliary tract cancer who became unable to continue GEM-based chemotherapy due to progressive disease or a decreased performance status. Meanwhile, no changes were observed in the body composition of control patients with urothelial carcinoma receiving GEM-based chemotherapy. In association with the adverse reactions to GEM and the hematotoxicity profile, a decreased white blood cell count was more likely to occur in body fat-dominant patients (mean fat rate, 25.8%; mean muscle rate, 26.2%), whereas a decreased blood platelet count was more likely to occur in skeletal muscle-dominant patients (mean fat rate, 23.3%; mean muscle rates, 28.7%). The correlation between body composition parameters and the relative dose intensity (RDI) associated with GEM administration was also analyzed. The results revealed a positive correlation between the RDI and basal metabolism amount (P=0.03); however, the RDI did not correlate with the body fat rate, skeletal muscle rate or body mass index (P=0.61, P=0.14 and P=0.20, respectively).
Introduction
Advanced pancreatobiliary tract cancer has a poor prognosis, despite recent advances in systemic treatments. Although gemcitabine (GEM) has been the reference regimen, demonstrating a clinical benefit and prolonging survival, survival times remain short (1) . More intensive and combined chemotherapy regimens with platinum agents (e.g., cisplatin or oxaliplatin), erlotinib or nab-paclitaxel have been developed and represent an area of great interest; however, it remains difficult to achieve >1-year survival, and intensive side effect management is required (2) (3) (4) . Compared with pancreatobiliary tract cancer, urothelial carcinoma is slightly less aggressive and more chemosensitive, and the GEM/cisplatin (GC) regimen is generally considered to be the current standard care for metastatic cases, replacing the methotrexate/ vinblastin/doxorubicin/cisplatin regimen (5) . Thus, GEM is a key drug in the chemotherapeutic treatment of pancreatobiliary tract and urothelial carcinoma, and may be used alone or in combination with other anticancer drugs. Its dose is practically determined based on the patient's body surface area, and is adjusted according to patient age, hematological data, adverse events, and other factors (6) (7) (8) . However, when determining its administration or doses, there are few useful adjunct indices that may be used easily and non-invasively to understand the patient's condition and to predict changes in their pathological state.
The importance of body composition measurement in the clinical setting has been increasing in recent years. The prevalence of obesity has become a public health problem, in association with cardiovascular disease, throughout the world, particularly in developed countries. Loss of skeletal muscle Measuring body composition using the bioelectrical impedance method can predict the outcomes of gemcitabine-based chemotherapy in patients with pancreatobiliary tract cancer mass is associated with impaired mobility and lower quality of life (9) . Magnetic resonance imaging (MRI) is considered to be the most precise and reliable method for measuring skeletal muscle in vivo (10) , whilst the adipose tissue distribution is commonly evaluated by computed tomography (CT) or MRI (11, 12) . However, there is emerging interest in the use of bioelectrical impedance (BI) analysis to assess body fat and skeletal muscle mass, and numerous studies have developed equations for estimating body compositions using the BI method (13) (14) (15) . The principle of BI analysis is based upon the greater electrolyte content of fat-free mass and its greater conductivity of electricity compared with that of adipose tissue or bone. The majority of the BI current flows through skeletal muscle as this has a large volume and a low resistance (16) . BI is now becoming more widely used as simple, safe and inexpensive method for estimating body composition. However, as the BI method was developed primarily by analyzing healthy subjects, applying it to a patient care is not sufficiently understood at present. Therefore, the current study retrospectively analyzed the body composition rates measured over time in patients who were being treated with GEM-based chemotherapy on an outpatient basis.
Patients and methods
Patients. The study subjects were 37 patients (26 with pancreatobiliary tract cancer and 11 with urothelial carcinoma) who were treated with GEM-based chemotherapy at the Chemotherapy Unit for Outpatients of Ageo Central General Hospital (Ageo, Japan) between November 2012 and April 2014. All outpatients who were eligible to receive GEM-based chemotherapy were included in the study. Standardized inclusion criteria for chemotherapy in the outpatient unit were an Eastern Cooperative Oncology Group (ECOG) performance status score of 0, 1 or 2 (17) and adequate bone marrow, liver and renal function (white blood cell count, ≥2,000/mm 3 ; platelet count, ≥70,000/mm 3 ; bilirubin, ≤3.0 mg/dl; aspartate transaminase/alanine aminotransferase, ≤150 IU/l; and creatinine, ≤1.5 mg/dl). Patient characteristics are summarized in Table I . This study was conducted after obtaining informed consent from all the patients, and with approval from the ethics committee of Ageo Central General Hospital.
Measurement of the body composition rate. At each visit for chemotherapy, the total weight (kg), body fat rate (%), skeletal muscle rate (%), body mass index (BMI), and basal metabolism of the subjects were measured as body composition parameters using a BI method-based body weight/body composition monitor (Karada Scan HBF-375; Omron Corporation, Kyoto, Japan). When using this measurement method, an electric microcurrent was applied with the patient in a standing position, between the hands and feet to the whole body, including the abdomen; measurements were obtained by subtracting the impedance value between both hands from the impedance value of the whole body (18, 19) . Following the acquisition of these values, the measurement was calculated by factoring in the height, weight, age, gender and basic physical data of the patients; Omron (http://www.omron. com/) has used research information from several hundred subjects using the hydrodensitometry method to develop the formulas by which the Omron composition monitor calculates the various body composition rates (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . In the current study, a retrospective analysis was conducted of the associations between the measurement results (i.e., the aforementioned body composition parameters) and various other factors, including the following: Relative dose intensity (RDI; dose intensity / planned dose intensity x 100) of the GEM; adverse events [according to Common Terminology Criteria for Adverse Events (CTCAE) version 4.03; U.S. Department of Health and Human Service, National Institutes of Health and National Cancer Institute]; ECOG performance status (PS); and progression of the pathological conditions in the subjects evaluated by Response Evaluation Criteria in Solid Tumors guidelines, version 1.1 (29) .
Statistical analysis. Microsoft Excel with the Statcel Add-in, 2nd Edition (OMS publishing Inc., Saitama, Japan) was used as the analytical software (30) . The association between RDI and body composition was tested using a Pearson's correlation coefficient test; body composition rates and adverse events were tested using a repeated measures two-way analysis of variance, and changes in body composition and in pathological conditions were tested with cross analysis and comparative tests. P<0.05 was considered to indicate statistically significant differences in all tests.
Results

Patient characteristics.
Of 26 patients with pancreatobiliary tract cancer, 10 were able to receive long-term (>6 months) GEM-based chemotherapy, and 11 received adjuvant The graph is plotted with the skeletal muscle rate on the vertical axis and the body fat rate on the horizontal axis in patients with pancreatobiliary tract cancer and grade ≥2 hematotoxicity (CTCAE version 4.03). The dotted line represents the range of the major population (~70%) of patients with a decreased WBC count; the gray line represents the scope of the major population of patients with a decreased PLT count; and the circle in bold shows two patients who had decreased WBC and PLT counts. (B) Changes in the body composition and hematotoxicity during pre-and postoperative adjuvant chemotherapy (case from Fig. 1E ). Although the body fat rate was dominant preoperatively, the body fat rate markedly decreased postoperatively, changing the adverse events. BMI, body mass index; WBC, white blood cell; PLT, platelet; Gr, grade.
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A B chemotherapy. All 11 patients with urothelial carcinoma had progressive recurrent cancer. In addition, the age at disease onset and BMI of patients with pancreatobiliary tract cancer and urothelial carcinoma were close to the average for that of the general Japanese population (Table I ) (31).
Changes in pathological conditions and body composition over time.
Of the 26 patients with pancreatobiliary tract cancer, 14 became unable to continue GEM-based chemotherapy due to progressive disease (PD) or a decreased PS; in these 14 patients, body fat rate had markedly decreased prior to the discontinuation of chemotherapy. Representative changes in body composition over time are presented in Fig. 1A -G. Compared to the start of the GEM administration, there was a statistically significant decrease in the amount of body fat at discontinuation ( Figs. 1 and 2A ; P=0.01). An increased body weight and skeletal muscle rate were observed in 3 of the 4 patients in whom the chemotherapy was discontinued due to ascites retention associated with the progression of pathological conditions; however, a decrease in body fat rate was observed ( Fig. 1F and G) . The body fat rate increased along with an improvement in PS and general conditions in 3 patients who had undergone biliary drainage due to the onset of jaundice during chemotherapy (Fig. 1H) . Meanwhile, a stable body composition was maintained in 6 of 7 patients with no progression of disease or a complete response/disappearance of the lesion during chemotherapy (Figs. 1I and 2) . No significant differences in body composition were observed over time in the control patients with progressive urothelial carcinoma who were similarly treated with GEM-based chemotherapy, despite the progression of pathological conditions (Figs. 1J-K and 2).
Association between body composition and adverse events.
The association between grade ≥2 hematotoxicity (CTCAE version 4.03) and body composition was examined in patients with pancreatobiliary tract cancer (Fig. 3) . With regard to body composition, the mean body fat and skeletal muscle rates were 25.8 and 26.2%, respectively, in the 14 patients (including 10 female patients) with a decreased white blood cell (WBC) count (<3000/mm 3 ; Fig. 3A, dotted line) ; the corresponding rates were 23.3 and 28.7%, respectively, in the 7 patients (including 2 female patients) with a decreased platelet count (<75,000/mm 3 ; Fig. 3A , gray line); and 27.5 and 26.5%, respectively, in 2 patients (including 1 female patient) who had both decreased WBC and platelet counts (Fig. 3A, bold  line) . Therefore, a decreased WBC count was more common in female patients with a relatively high body fat rate, whereas a decreased platelet count was more common in male patients with a high skeletal muscle rate. Notably, the patient receiving chemotherapy preoperatively and postoperatively exhibited a body weight reduction of ≥5 kg relative to the preoperative weight, which was associated with a marked decrease in the body fat rate from 32.2 to 25.2%, as well as a change in the hematotoxicity profile from a decreased WBC count to a decreased platelet count (Figs. 1E and 3B) .
Correlation between body composition and RDI. The association between body composition parameters and the RDI of GEM administration in patients with pancreatobiliary tract cancer was examined. No correlation was identified between RDI and BMI, body fat rate or skeletal muscle rate; however, RDI was found to correlate with basal metabolic rate, with RDI values increasing as the basal metabolic rate increased (P=0.029; Fig. 4 ).
Discussion
Protein and fat are generally broken down in the host as cancers enlarge and progress; at the same time, cytokines and other molecules are released from cancer cells causing cachexia, which results in marked reductions in muscle mass and fat (32) (33) (34) (35) (36) . When sarcopenia develops along with the progression of cancer lesions, muscle mass decreases first, progressing further into cachexia and accompanied by a decrease in body weight and fat (37) (38) (39) . However, the present study revealed that the progression of pathological conditions is reflected by decreased body fat in patients with pancreatobiliary tract cancer being treated with GEM-based chemotherapy. As the bile duct and pancreas are deeply involved in the absorption and digestion of fat, we believe that the disintegration of fat associated with cancer progression is observed as a decrease in body fat prior to the development of sarcopenia, accompanied by reduced muscle mass (40) . This is consistent with the present findings, as patients intubated with a biliary stent due to the onset of jaundice (Fig. 1H ) exhibited an increase in A B C D body fat rate following the reduction of the jaundice, allowing them to continue the treatment. By contrast, the urinary tract is a retroperitoneal organ with little effect on digestion and absorption, thus causing little change in body composition (41) . Therefore, in the case of patients with urothelial carcinoma who were similarly treated with GEM-based chemotherapy, no associations were identified between body fat rates and the progression of pathological conditions or the possibility of continuing chemotherapy (Figs. 1J, 1K and 2 ). In addition, it is notable that, in the patients with pancreatobiliary tract cancer who had ascites retention ( Fig. 1F and G) , BMI and skeletal muscle mass, estimated using the Omron body composition monitor, increased along with body weight, and only the amount of body fat decreased. It appears that the calculation-based increase in skeletal muscle mass resulted from the principle of the BI method: Fat does not conduct electricity, whereas muscles and moisture do conduct electricity (18) . Body weight gain resulting from edema and ascitic fluid makes it very difficult to determine the proper dose of anticancer drugs. Therefore, as the present findings indicate, the measurement of changes in body composition over time with the characteristics of the BI method in consideration may be a useful adjunct index to easily determine pathological conditions. With regard to the differences in hematotoxicity profile by body composition in patients with pancreatobiliary tract cancer, the current findings indicate that a decreased WBC count was more common in women with a high body fat rate. Similarly, Miura et al (42) have reported that a decreased neutrophil count induced by GEM administration was more common in women. In addition, among the body composition changes associated with surgery in one patient from the present study (Fig. 1E) , a marked postoperative reduction in body fat rate resulted in a decreased platelet count (Fig. 3B) , suggesting that the hematotoxicity profile may differ according to changes in body composition, as well as to gender. Therefore, it will be necessary to study the association between body composition and changes in the hematotoxicity profile by examining more diseases and regimens (43) (44) (45) .
Among all body composition parameters investigated in the present study, the RDI associated with GEM administration was found to be positively correlated only with basal metabolism (Fig. 4) . Basal metabolism is the basic amount of metabolism required for life maintenance, and the value changes according to the age, height, weight, gender and physical activity levels of individuals (46, 47) . In this current study, basal metabolism was calculated using our own data and data from the Omron Corporation, which is based on the dietary reference intakes for the Japanese population (31). Approximately 30% of basal metabolism occurs in the skeletal muscles. In body composition, fat is classified into subcutaneous and visceral fat; the former is needed to maintain energy and body temperature, and the latter is considered to be associated with lifestyle-related diseases such as dyslipidemia and diabetes (48, 49) . Muscles consist of skeletal muscles, smooth muscles and cardiac muscles, and only skeletal muscles may be increased through exercise. When the skeletal muscle mass decreases, less energy is consumed, resulting in a reduced basal metabolism (19) (20) (21) (22) 37) . The present findings demonstrated that, in patients with pancreatobiliary cancer, there is little change in the skeletal muscle rate compared to the body fat rate. As the basal metabolism was affected by factors such as age and gender differences, an association with RDI was observed. This is not contradictory to the study by Prado et al (43) , which reported that doses of 5-fluorouracil correlated with body weight, excluding body fat, in patients with colorectal cancer.
The BI method is easy and safe, and is able to easily measure and monitor changes in a patient's body composition at each visit for chemotherapy. In addition, this method has been reported to correlate extremely well with the evaluation of body composition by computed tomography, magnetic resonance imaging and dual energy X-ray absorptiometry (15, (20) (21) (22) 50, 51) . The current findings indicate that regularly assessing the body composition, using the BI method, of patients with pancreatobiliary tract cancer receiving GEM-based chemotherapy is a useful adjunct index for understanding pathological conditions and for predicting the continuation of chemotherapy treatment.
In conclusion, measurement of body composition in patients with pancreatobiliary tract cancer over time may be a helpful adjunct index to understand pathological conditions and changes in physical conditions.
